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In this paper, we study a rather unconventional real basis for the real symplectic algebra sp(2n,R). We demonstrate the utility of this basis for practical computations by giving a simple derivation of the second and fourth order indices of irreducible representations of sp(2n,R). In this paper, we study irreducible representations (irreps) of the real symplectic Lie algebra sp(2n,R) [1] carried by homogeneous polynomials of the 2n phase-space variables {qi, pol (i = 1,2, ... , n). These representations of sp(2n,R) are the physically interesting ones in classical mechanics [2] .
First, we define a real basis for sp(2n,R). Using this basis, irreps of sp(2n,R) carried by homogeneous polynomials of phase-space variables are obtained. Weight vectors corresponding to these irreps are also computed. Using these results, we finally give a simple derivation of the second and fourth order indices corresponding to these irreps.
II. A REAL BASIS FOR SP(2N,R)
In this section, we obtain a real basis for sp(2n,R). Since we are interested in representations carried by functions of phase-space variables, it is convenient to define the operators constituting a basis for sp(2n,R) using these variables. This can be done using the concept of a Lie operator [2] . Let us denote the collection of 2n phase-space variables qi, Pi (i = 1,2, ... ,n) by the symbol z. The Lie operator corresponding to a phase-space function J(z) is denoted by :J(z):. It is defined by its action on a phase-space function g( z) as shown below 
We are now in a position to give a basis for sp(2n,R). Consider the following set of real operators:
: Gjk : = : qj Pk :, where the indices j and k range from 1 to n. We note that these are nothing but
Lie operators corresponding to the set of all quadratic monomials in variables qj and Pk' It can be shown that these operators constitute a real basis for the Lie algebra sp(2n,R) [3] . As expected, there are n(2n + 1) elements in this basis. We will denote a general basis element by the symbol WI.
The commutator of two Lie operators: f: and: g: can be shown [2] to satisfy the following relation Here the indices j, k, r, and s range from 1 to n.
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The basis given in Eq. (2.3) is not the conventional basis used for sp(2n,R). It does not contain a basis for the unitary algebra u(3) as a subset. However, this shortcoming is of no consequence when one studies only the symplectic algebra without any reference to its unitary subalgebras. In such cases, the real basis defined in Eq.
(2.3) offers several advantages due to its one-to-one correspondence with the set of quadratic monomials. These advantages will become apparent in the discussions that follow.
III. REPRESENTATION OF SP(2N,R)
In this section, we first obtain the irreps of sp(2n,R) carried by homogeneous polynomials of phase-space variables. Next, we compute the weight vectors corresponding to these irreps.
From the previous section, it is clear that Lie operators corresponding to the set of all quadratic polynomials in z constitute the symplectic Lie algebra sp(2n,R). 
A representation d is said to be said to be (completely) reducible if it can be converted into a block diagonal form using a similarity transformation. Otherwise, it is said to be irreducible. where h m is an element of p(m)(z). That is, the elements :f2: of sp(2n,R) preserve the degree of the polynomial on which they act. We therefore get the following relation
In other words, the set of all elements belonging to sp(2n,R) leaves p(m) invariant.
Let {pJm)} be a basis for the set p(m). Typically, we choose these basis elements Next, we obtain the weight vectors for irreps of sp(2n,R) defined above. First, we need the Cartan subalgebra of sp(2n,R). It is easily verified that the Cartan sub algebra of sp(2n,R) is spanned by the following n elements:
As expected, the rank of sp(2n,R) is equal to n. The N(m)-dimensional irrep of Hi is given by Eq. (3.6) .
To proceed further, we need to choose the N(m) basis elements pJm)( z ). We make the simplest choice. We choose {pJm)(z)} to be the set of all mth degree monomials in the 2n phase-space variables. Therefore, the general element pJm) (z) is given by the following relation 
Hence, Eq. (4.1) can be rewritten as follows: However, the Dynkin index v(m) is defined by the relation [6] (4.7)
Since v(m) is independent of the the choice for Wa and W(J, we can take both to be equal to q,p,. Then, we get the relation ( 4.8)
We now turn to the task of computing I~). From Eq. (4.4) , we see that we need to sum over squares of the first components of the weight vectors corresponding to all the monomials pJm)(z) (a = 1,2, ... N(m) ). Since :q,p,: acts only on the q, and p, variables, we need to know only the q, and p, content of the basis monomials pJm)(z).
Hence, we write the general monomial as follows Since all N'(k) monomials with the same value of k have the same weight, we obtain the result:
However, the following identity can be proved
Therefore, we obtain the relation
After some manipulation, this can be shown to equal the following result 1(2) = 2n (2n + m) . 
Further, the eigenvalue C 2 (A) of the second order Casimir operator can be calculated using the following relation[6} (4.17) where N(2) is equal to the dimension of sp(2n,R). We obtain the following result Proceeding as before, we find after some manipulation the following relation
Evaluating the sums, we obtain the result Similarly, we can derive the relation 
